Abstract. This paper presents an experimental verification of impregnated textile reinforcement splicing by overlapping using tensile test of small textile reinforced concrete slabs before its using in the product. The specimen dimensions were designed 80 × 360 mm and thickness approximately 18 mm. This specimen was reinforced using two pieces of impregnated flat technical fabric from carbon roving and epoxy resin. Two overlap lengths were designed using data from previous cohesion tensile tests and necessary anchoring length. The purpose of this experiment was experimental verification before flat reinforcement splicing by overlapping on the final product -furniture with textile reinforcement. This paper shows possible problems and complications in the anchoring of the textile reinforcements and in splicing by overlapping, the importance of the accuracy reinforcement position in the thin concrete cross-sectional area.
Introduction
Textile reinforced concrete (TRC) [1, 2] is new modern composite material made from high performance concrete (HPC) [3] reinforced by technical fabrics. For new structures are often used impregnated composite fabrics by epoxy resin and other materials because of stabilization and also technology of concreting in comparison with non-impregnated. Non-impregnated fabrics are often used for strengthening of reinforced concrete (RC) structures. Carbon fabrics used in this experiment were impregnated and stabilized by epoxy resin. It was selected impregnated fabrics commonly available on the market and own developed recipe of HPC. These both TRC materials are mechanically resistant, chemically resistant and corrosion free. Since the component thickness for RC walls, facade panels and other elements is normally only determined in order to satisfy the concrete cover corrosion protection required in Eurocode 2, exterior construction elements must be designed with a thickness 80 mm and even higher. Thanks to the noncorrosive new reinforcement elements can be made thinner. The concrete cover must be designed only for transferring of bonding stresses between the concrete and textile reinforcement and it is approximately 10 mm. So the building TRC elements can be approximately 30 mm thick with two layers of textile reinforcement. Concrete cover for TRC specimens is designed only with regard to the transfer of forces. In particular, the basic strength properties of both materials and interaction conditions between technical fabric and HPC are studied using most often using tensile test [4] . Tensile test was selected also for presented verification of splicing by overlapping. Interaction conditions and bond behavior goes hand in hand with anchoring length and also with reinforcement splicing. Many studies, models and experiments was already done [5] [6] [7] [8] also at CTU in Prague in previous research for example [9] [10] [11] . This paper presents experimental verification of impregnated textile reinforcement splicing by overlapping using small TRC specimens before its using in the final products. These products can be for example footbridges constructions, concrete furniture and facade elements with larger dimensions and different shapes, where the joining of textile reinforcement is necessary.
Materials used in experiment

Concrete
The HPC mixture used in this experiment was developed and optimized in last years at the CTU in Prague for different applications. Concrete recipe is presented in Table 1 . It is the self-consolidating fine grain concrete without any fibres. Materials used for experiment are primarily from local sources and components are: CEM I 42.5 R cement, silica sand with two particle sizes and maximum grain size 1.2 mm, silica flour with one particle size, microsilica and one type of the PCE superplasticizer. Developed mixture reduces the amount of water on water/cement 
Reinforcement
For presented experiment was used commonly available flat composite concrete reinforcement produced by ©Solidian company. Technical fabrics were made of carbon fibre roving and stabilized and impregnated by epoxy resin. Flat textile had dimensions 5 × 1.2 m and was cut to the required specimens dimensions. Grid spacing was 21 mm for both longitudinal and lateral directions. Basic parameters of used carbon roving are: Cross section area of the strands 1.81 mm 2 , tensile strength of fibrils more than 4000 MPa. Basic parameters of impregnated reinforcement: Cross section area of the reinforcement 85 mm 2 /m for both directions, tensile strength 3300 MPa (characteristic value 2500 MPa) and Youngs modulus more than 220 GPa. Other information and parameters of reinforcement are mentioned in the technical data sheet.
Experimental investigation
Concreting of specimens with dimensions 80 × 360 × 18 mm was done in two layers with the reinforcement applied in the middle of specimens. The casting process was done without any use of spacers. This procedure ensured concrete cover approximately 7 mm for both surfaces. Only one layer of technical fabric with two pieces were used as a reinforcement with 4 rovings in longitudinal direction. View on the reinforcement just before concreting is presented in Fig. 1 . Two groups of three specimens were prepared with minimal length of fabrics overlapping approximately 35 and 55 mm based on the previous calculations of anchoring length approximately 30 mm [7, 9] . It means a distance of one or two meshes spacing plus free overlap of cut reinforcement. One both ends of specimens were fabrics doubled using small piece of composite reinforcement as a protection against specimen damage on the ends during the experiment and its possible negative effect on achieved results.
Uniaxial tensile test was chosen for the testing procedure of splicing by overlapping because it is the clearest experimental verification of reinforcement connection. In the middle of the specimens were created a small transverse notch approximately 1.0 mm deep on both specimen sides so that the first tensile crack was initiated just in the middle of the monitored specimen part. Both end of TRC specimens were fixed between two steel plates with thickness 5 mm using four screws in combination with chemical mortar on the entire contact area. The fitted length was 100 mm for both ends, so free monitored length for testing was 160 mm. Using fifth screw on the end of steel plates simulated the joint and small next top steel plate were specimens fixed in the testing machine. Tensile test was performed in MTS 100 testing machine with controlled load speed 2.0 mm per minute after 28 days of specimens hardening. In Fig. 2 is presented the testing scheme with all dimensions. The loading process continued until the sample failure with constant load speed. Measured values were force, time and displacement.
Experimental results presentation and discussion
Results of experimental verification are presented in graph in Fig. 3 . The form of presented graph is force on y axis and displacement on x axis. One typical experimental curve for both group of three specimens is presented. It can be easily calculated the maximal theoretical tensile force 29.0 kN in the moment of reinforcement failure [13] . Maximal characteristic tensile force 17.9 kN was calculated using characteristic value of tensile strength and composite reinforcement cross sectional area. The maximal force reached in experiment was 12.6 kN only for overlap 55 mm and the failure was always in the concrete part of reinforcement contact. The beginning of the curve and loading process was irregular until a deformation of about 0.3 mm when the sample position was stabilized in the testing machine. The linear part than followed when the concrete part is not cracked until the moment of the first crack initiation. The drop in force after the moment of the first crack initiation is minimal and it means that the carbon composite flat reinforcement was very quickly activated. Next part of oscillated curve is called multiple cracking zone, which is nonlinear and represent the process of reinforcement full activation in its length. Next zone without larger curve oscillation and it is called post-cracking behavior [14] . But in Fig. 3 this part of curve is visible only for specimen with 2x spacing. It means a distance of two meshes spacing plus free overlap of cut reinforcement, so spacing approximately 55 mm. The part of curve was no longer as expected from the numerical nonlinear model, because the damage occurred in concrete contact part, not in reinforcement.
In Fig. 4 is presented the typical shape of crack in the moment during the loading process when both reinforcement layers are separated from each other. Before this collapse point on all specimens were visible multiple cracking. On the right part of same Fig. 4 is presented the view on the damaged both halves of specimen after the loading process and its uninstalling from the testing machine. One of the halves was logically turned upside down in comparison with the position in the testing machine so both broken areas are visible. Also the bond behavior of composite reinforcement without surface treatment was lover as visible in Fig. 4 on the right part. The interaction of reinforcement was caused more or less due to the small shapes of the reinforcement in its longitudinal direction due to the technological progress of the mesh production. The surface of the reinforcement was otherwise smooth [12] . It leads to the need for a larger concrete cover of the flat reinforcement for bonding stresses transferring between the concrete part and reinforcement or necessary reduction of cross sectional carbon roving area. After the samples examination it was found that the expected position of composite reinforcement in cross-sectional concrete area was not assured. Overlapped reinforcement layers were sometimes more than 4 mm apart from each other. This resulted in high eccentricity and additional stresses as well as significant reduction of the cover layer of the reinforcement. It was not included in the previous numerical model. The position of the reinforcement in the cross sectional concrete area must be precisely determined for the future applications.
Conclusions
This article presents experimental results of TRC tensile test with splicing of technical textiles by overlapping. In the curve is visible the multiple cracking until the moment of maximal stress before the failure in the contact area of reinforced meshes. The real distance between textiles axis were approximately 4 mm and higher. It was more than excepted values in previous numerical model because the yarn thickness was less than 1.0 mm. It led to the higher eccentricity and higher additional negative stresses initiation in the cross-section of overlapped reinforcement part. During the loading test for all tested samples reinforcement layers were separated from each other in the concrete part without any damage of reinforcement in longitudinal direction. This experiment presents the importance of all details during designing and realization of TRC applications. With extremely small thicknesses of constructions and small concrete cover also small millimetre details and deviations from the assumption can very negatively affected final results. It is very important to ensure the precise position of the composite reinforced fabrics in cross-sectional concrete area for example using small plastic spacers and splicing area should be fixed due to the unwanted eccentricity in the tensile load. Also longer anchoring length should be designed for safety load transfer through the reinforcement contact.
